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FIELD OF THE INVENTION 

The present invention relates to a method and system for closed loop transmit 
power control in a wireless communication network, and in particular, to a method for 
determining the signal to noise ratio in a wireless communication channel by 
15 estimating the signal power and the noise power to establish a transmit power control 
bit used to control the transmitter of a mobile device. 
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BACKGROUND OF THE INVENTION 

CDMA (code division multiple access) is a wireless communication technique 
which employs spread-spectrum single-sideband technology. Commercial 
implementations of CDMA technology typically take the form of a digital cellular 
phone and/or data communication service in which a code is assigned to all speech or 
user data bits, scrambled transmission of the encoded speech is wirelessly transmitted 
and the speech (or data) reassembled to its original format upon delivery to the 
receiver. 

In a CDMA system, each device is given a unique sequence, called a pseudo- 
random code. This sequence identifies the device. For example, if device A has 
sequence-A and device B has sequence-B, a receiver receiving data from device-A 
uses sequence-A to decode the wanted information. The receiver receives the energy 
(power) being transmitted by device-A and disregards the energy transmitted by 
device-B. Because device-A and device-B are isolated by having different codes, 
they can share the same carrier frequency, partially eliminating the frequency reuse 
problem encountered by previous cellular communication technologies. 

CDMA is an interference-limited system. Although it has a soft capacity limit, 
each device is a noise source on the shared channel and the noise contributed by 
devices accumulates. This creates a practical limit to how many devices the system 
will sustain. Mobile devices which transmit excessive power increase interference to 
other mobile devices. For CDMA, precise power control of mobile devices is 



important in maximizing the system's capacity and increasing the battery life of the 
devices. The goal is to keep each device at the absolute minimum power level 
required to ensure acceptable service quality. 

Thus, in CDMA mobile device-based systems, closed loop power control is 
employed to maintain acceptable service quality for all mobile station receivers at the 
base station. To accomplish this power control, the receiver typically performs an 
estimation of the received signal and noise power levels, determines a signal to noise 
ratio (SNR) and compares the SNR with an SNR threshold. If the received SNR is 
less than the threshold, a power-up command, typically in the form of a single bit, is 
embedded in the forward link and transmitted from the base station to the mobile 
device, requesting an increase in transmit power. Otherwise, a power-down command 
is sent to the mobile device to lower its transmit power. 

This power control command is embedded in the forward CDMA channel in 
the form of reverse link power control bits. In general, reverse link power control 
methods are known. For example, reverse link power control bits are implemented in 
some cases in pseudo-random positions in each 1.25ms interval which employs power 
control (power control group or PCG), or 16 times per frame in standards which 
employ power control such as the Air Interface Standard IS-95 and the CDMA2000 
standard. Each power control bit is interpreted as a command to raise or lower power 
by a predetermined increment. Each base station makes power control decisions 
independently for each mobile device. The mobile device demodulates the power 
control bits and raises or lowers its transmit power accordingly. As stated above, the 



goal of power control is to maintain the reverse channel (mobile devices to base 
station) transmit power at the lowest possible level to achieve a given error rate 
performance. 

One approach common to CDMA systems is the use of a Rake receiver for 
combining information obtained from several resolvable multi-path components in 
order to combine an enhanced signal with a high voice/data quality. The Rake 
receiver includes a bank of correlators, also referred to as demodulators, each of 
which correlate to a particular multi-path component of the desired signal The 
correlator outputs, commonly referred to as the Rake channels or fingers, may be rated 
according to their relative strengths and summed to obtain a final signal estimate. 

Obviously, it is important to accurately obtain an estimation of the received 
SNR for proper power control. In the current implementation of the Air Interface 
Standard IS-95 reverse channel, there is only one channel per user link. The reverse 
channel uses 64-ary orthogonal modulation symbols, specifically Walsh functions of 
order 64. The SNR estimation is performed by processing the Walsh spectrum of the 
Rake output. There are 64 elements in the orthogonal demodulation output of the 
Rake receiver. By regarding the largest element as the signal contribution and the rest 
as being caused by noise and interference, one can obtain an SNR estimation at the 
Rake receiver output. In the CDMA2G00 Air Interface Standard, each user has a 
continuous pilot channel which can be used for SNR estimation and up to four reverse 
sub-channels, each having different rates and power levels. It is therefore important 
to be able to accurately measure the received signal power level and received noise 



level in order to accurately determine the SNR for subsequent power control bit 
determination. 

Further, standards such as the CDMA2000 Air Interface Standard provide for 
supplemental channels which are sometimes used and sometimes not used. This can 
lead to inaccurate measurement of the total channel power, particularly in the case of 
estimating the noise power level. It is therefore desirable to have a method which 
provides for an accurate and reliable noise power level determination, regardless of 
whether supplemental channels are employed. 

Accurate estimation becomes even more important when dealing with wireless 
high speed data communication (e.g. 100 Kbits/second and faster). Conventional 
methods for estimating the received noise power include measuring the total energy 
received by the base station. As such, the estimated noise power is based on both the 
signal energy and noise energy. These methods do not provide sufficient accuracy 
when the mobile device signal includes high speed data. Conventional methods for 
estimating the pilot signal energy include despreading the received signal and 
coherently accumulating the despreaded received signal over a certain interval, for 
example, 384 chips, and then non-coherently accumulating over one power control 
group. However, the phase disturbances due to channel fading may degrade 
estimation accuracy. As such, selecting a power control group referenced to the user 
frame as the interval selected for estimation of signal power may not be close enough 
to the position of the reverse power control bit embedded in the forward CDMA 
channel to provide an accurate estimate. This is the case because the delay from the 



time the signal power is estimated to the time the power control bit is embedded in the 
transmit signal may be so great as to not accurately represent a change in the quality 
of the channel. This can result from movement of the mobile device and/or the 
surroundings. 

As such, it is desirable to reduce the power control delay in a manner such that 
the selected interval for estimating the signal power is as close as possible to the 
position of the reverse power control bit to maximize the accuracy of the power 
control bit determination. It is further desirable to have a method for estimating the 
received signal energy which employs a correlation process which significantly 
reduces the phase disturbance due to fading. 

Conventional methods use one complete power control group signal to 
estimate signal power. If the wireless device is far from the base station, the base 
station may not be able to send the power control bit on the forward link in the next 
PCG because the base station may not be able to complete processing in a manner 
which provides enough time to insert and transmit the power control bit in the 
outbound power control group position. As such, in accordance with known 
standards, the power control bit must be inserted in the second power control group 
following the corresponding reverse link power control group in which the signal 
power was estimated. These conventional methods provide for the possible distance 
differences between wireless devices and their corresponding base stations by 
incorporating undesirable delay. It is desirable to have an arrangement which allows 
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the power control bit determination to be made as temporally close to the point at 
which the power control bit must be inserted as possible. 

SUMMARY OF THE INVENTION 

The present invention advantageously provides a method and system for closed 
loop power control in a wireless system. The present invention provides a method 
and system which allows the noise level of a received signal to be quickly and 
accurately estimated and provides a method and system by which the signal power 
level can be quickly and accurately measured while still complying with known 
wireless communication standards. The present invention implements these power 
estimation methods in a manner which advantageously allows a reduction in power 
control delay by selecting a signal interval for estimation as close as possible to the 
position of the reverse power control bit imbedded in the forward link. 

According to one aspect, a method for closed loop power control in a wireless 
communication network is provided in which a received signal is despread. The 
signal power of the despread received signal is estimated. The noise power of the 
despread received signal is also estimated. Noise power estimation includes 
multiplying the despread received signal with an orthogonal noise code to cancel the 
received signal and accumulating the multiplied despread received signal over one 
frame. A signal-to-noise ratio of the received signal is determined at least in part by 
dividing the estimated signal power by the estimated noise power. A reverse power 
control is determined bit based on the determined signal-to-noise ratio. 



According to another aspect, a method for estimating a power level for a 
despread wireless communication signal having a non-gated pilot signal is provided, 
the despread received signal being arranged as a plurality of Rake fingers, in which a 
forward power control bit is obtained by decoding the despread received signal. For 
each of the plurality of Rake fingers: 

the decoded forward power control bit is multiplied with at least one 
forward power control bit portion; 

the position of the reverse power control bit is determined; 
the despread received signal of the corresponding Rake finger is 
selected for a duration of one power control group; 

the received despread signal is accumulated to eliminate all data channel 
signals except a pilot signal to create a decimated pilot signal; 

the decimated pilot signal is multiplied with a complex conjugate of a 
delayed version of the decimated pilot signal to obtain a multiplied result; and 

a real component of the multiplied result is accumulated over one power 
control group to obtain a Rake finger output. The signal power estimate is determined 
by coherently combining and averaging the plurality of Rake finger outputs. 

According to yet another aspect, a method for estimating a power level for a 
despread wireless communication signal having a gated pilot signal is provided, the 
despread received signal being arranged as a plurality of Rake fingers, in which, for 
each of the plurality of Rake fingers: the despread received signal is coherently 
accumulated and a squared amplitude is taken over a time of the coherent 
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accumulation to determine a finger signal power level within one-half of a power 
control group. The finger signal power levels for all of the plurality of Rake fingers is 
summed together over one-half of the power control group to determine an 
intermediate signal power estimate. The intermediate signal power estimate is added 
5 to a previous signal power estimate. 

According to still yet another aspect, the present invention provides a system 

for closed loop power control in a wireless communication network, in which a 
communication unit has a receiver and a central processing unit. The receiver 
2 receives a first signal The central processing unit is in operative communication with 
Mo the receiver and executes functions including: despreading the received first signal, 
%] estimating the signal power of the despread received first signal, estimating the noise 
s power of the despread received first signal, determining a signal-to-noise ratio of the 

; t received first signal at least in part by dividing the estimated signal power by the 
□ estimated noise power and determining a reverse power control bit based on the 

15 determined signal-to-noise ratio. Estimating the noise power includes multiplying 

the despread received signal with an orthogonal noise code to cancel the received first 
signal and accumulating the multiplied despread received first signal over one frame. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 A more complete understanding of the present invention, and the attendant 

advantages and features thereof, will be more readily understood by reference to the 
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following detailed description when considered in conjunction with the 
accompanying drawings wherein: 

FIG. 1 is a diagram of a communication system constructed in accordance with 
the principles of the present invention; 

FIG. 2 is a block diagram of the wireless communication section of a device 
constructed in accordance with the principles of the present invention; 

FIG. 3 is a block diagram of a base station constructed in accordance with the 
principles of the present invention; 

FIG. 4 is a flow chart of the overall operation the system and method of the 
present invention; 

FIG. 5 is a diagram showing an example of timing relationships between the 
position of the reverse power control bit and the selected duration of the despreaded 
received signal for each Rake finger; 

FIG. 6 is a block diagram of a noise estimation technique; 

FIG. 7 is a block diagram of a signal estimation technique for a gated pilot 

signal; 

FIG. 8 is a block diagram of a signal estimation technique for a non-gated pilot 

signal; 

FIG. 9 is a block diagram of an alternate arrangement for estimating the power 
of a non-gated pilot signal; and 

FIG. 10 is a block diagram of a power control bit implementation technique. 
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DETAILED DESCRIPTION OF THE INVENTION 

Initially, it is noted that the term "data" as used herein refers generally to the 
content being transported from one location, device, element, etc., to another, 
regardless of form. For example, "data" as used herein can include voice content as 
well as non- voice content and device location information, and can include overhead 
data such as packetizing information, headers, error checking codes, etc. Specific 
types of data or packet components such as pilot signals are noted as such herein, 
where appropriate. 

The term "mobile device" as used herein includes wireless devices and wired 
devices which are readily capable of moving from location to location such as a 
laptop personal computer, personal digital assistant (PDA) and the like. 

Referring now to the drawing figures in which like reference designators refer 
to like elements, there is shown in FIG. 1 a communication system constructed in 
accordance with the principles of the present invention and designated generally as 
10. Communication system 10 preferably includes one or more wireless devices 12 in 
communication within one or more communication units such as base stations 14. 
The signal transmitted from base station 14 to wireless device 12 is generally referred 
to as forward link 16. The communication signal transmitted from wireless device 12 
to base station 14 is generally referred to as reverse link 18. 

Communication signals for forward link 16 and reverse link 18 are preferably 
CDMA spread-spectrum signals and include user data such as encoded voice or other 
high speed data such as might be transmitted to and from a wireless computer such as 
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a laptop equipped with a CDMA spread-spectrum transmitter and receiver. 
Standardized protocols for providing wireless high speed data are known. 

Wireless device 12 can be any device which includes a wireless 
communication section (transmitter, receiver, etc.), described below in detail, which 
receives and transmits wireless communication signals to and from base stations 14 
and/or other wireless devices 12. Examples of wireless devices 12 include a computer 
tower equipped with a wireless transmitter and receiver, a vehicular mounted wireless 
device, witless laptop computer, and the like. Base stations 14 are any fixed base 
station capable of communicating with wireless devices 12, preferably using CDMA 
spread-spectrum technology. As discussed below in detail, base stations 14 also 
include a wireless communication section. 

In practice, a plurality of base stations 14 are distributed across a region to 
create a plurality of cells such that each cell facilitates communication with wireless 
devices 12 in that cell. In order to minimize the effects of interference in each cell, 
base stations 14 monitor the signal to noise ratio of the signals received on reverse 
link 1 8 in order to determine whether to instruct wireless device 12 to increase its 
transmit power (also referred to as "power up") or decrease transmit power (also 
referred to "power down") on reverse link 18. 

As is described below in detail, the present invention provides a method which 
allows base station 14 to advantageously determine an accurate estimate of the noise 
power level received from reverse link 18 and to determine an accurate estimate of the 
pilot signal power level received from reverse link 18 in order to accurately calculate 
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the signal to noise ratio of the signal received from wireless device 12. Base station 
14 uses the estimated signal to noise ratio to determine whether to set the power 
control bit in forward link 18 to indicate a power up or power down condition to 
wireless device 12. 

Further, the present invention advantageously provides a method which allows 
base station 14 to evaluate reverse link 18 in a manner which significantly reduces the 
delay time between the signal to noise ratio estimate determination and the actual 
insertion of the power control bit in forward link 16. By significantly reducing the 
delay , wireless device 12 is provided with an accurate power up or power down 
instruction based on temporal proximity between the calculation time and the portion 
of the reverse link 18 signal evaluated to determine the signal-to-noise ratio. 
Reducing the time for signal-to-noise ratio estimation also has the benefit of 
increasing the maximum functional round trip delay. 

FIG. 2 is a block diagram of the wireless communication section of a device 12 
constructed in accordance with the principles of the present invention. As shown in 
FIG. 2, the wireless communication section of device 12 preferably includes a device 
receiver 20 and a device transmitter 22, each of which are coupled to and controlled 
by device central processing unit 24, Device receiver 20 and device transmitter 22 are 
coupled to antenna 26 for respectively receiving and transmitting signals to and from 
base station 14 via forward link 16 and reverse link 18. Device receiver 20 is 
preferably arranged to receive CDMA spread-spectrum signals transmitted by other 
devices and base stations 14. Device transmitter 22 is likewise preferably arranged to 
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transmit CDMA spread-spectrum signals to other devices and base stations 14 via 
antenna 26. Device central processing unit 24 is any central processing unit capable 
of executing the device functions described in detail below. 

In accordance with the present invention, device central processing unit 24 is 
preferably arranged to have access to sufficient memory (not shown) required to store 
data, buffer, transmit and receive data, and programmatic code to perform its 
designated, below-described functions. Further, device central processing unit 24 is 
preferably arranged to cause transmitter 22 to increase or decrease transmit power in 
accordance with the power control bit received from base station 14 on forward link 
16. 

FIG. 3 is a block diagram of a base station 14 constructed in accordance with 
the principles of the present invention. As shown in FIG. 3, base station 14 is 
preferably comprised of base station receiver 28 and base station transmitter 30, each 
of which are coupled to and controlled by base station central processing unit 32. 
Base station 14 also preferably includes base station antenna 34 which is coupled to 
base station receiver 28 and base station transmitter 30 for receiving signals 
transmitted by device 12 on reverse link 18 and transmitting signals to device 12 on 
forward link 16, respectively. 

Base station 14 preferably also includes base station link 34 which provides the 
necessary interface hardware and/or software to couple base station 14 to other base 
stations. This interface hardware takes the form of plugs, jacks and electronic circuit 
elements. The interface software, when executed, provides the drivers and other 
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functions necessary to receive data from other base stations 14 and to transmit data to 
other base stations 14. 

Base station receiver 28 is preferably arranged to receive wireless spread- 
spectrum CDMA signals from a plurality of devices 12. Similarly, base station 
transmitter 30 is preferably arranged to generate and transmit spread- spectrum CDMA 
signals to a plurality of devices 12. As discussed above, base stations 14 transmit 
power control commands in the form of power control bits to wireless devices 12 via 
forward link 16. 

Base station central processing unit 32 preferably includes or has access to a 
storage unit which contains the programmatic instructions needed to perform the 
functions described herein. Further, the storage unit is preferably arranged to store 
data corresponding to in-progress communication with devices 12, provide buffering 
of data transmitted and/or received to/from devices 12 and other base stations 14. In 
general, any central processing unit which provides the described functions of base 
station 14 can be used. 

In the case of both device 12 and base station 14, each of the above-described 
elements of the respective device is arranged with an internal bus communication 
structure which facilitates communication among the respective elements. Further, it 
is contemplated that any combination of the elements of each respective device 12 and 
base station 14, such as the receivers, transmitters and central processing units, can be 
provided as a single semi-conductor integrated circuit. 
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The overall operation of system 10 and the method of the present invention is 
described with reference to the flow chart in FIG. 4, The following discussion of the 
operation of the present invention is described with reference to communication 
between a device 12 and base station 14. The discussion is being made in this manner 
for the sake of simplicity, it being understood however, that the present invention is 
operable as described below between multiple devices 12 and one or more base 
stations 14. Further, unless stated otherwise, the functions described with reference to 
FIG. 4 are understood to be executed by base station 14 based on an evaluation of the 
wireless communication signal received from device 12 on reverse link 18. 

Initially, the signal received on reverse link 18 by base station 14 is despreaded 
using the long code assigned to device 12 and the specific short codes (step S100). 
Techniques for despreading a received CDMA spread-spectrum signal using a device- 
specific long code and the specific short codes are known. 

As noted above, in order to determine the SNR of the received signal, an 
estimate of the received noise level and an estimate of the received signal level, 
typically the pilot signal, must be determined. Each of the noise power estimation and 
the signal power estimation methods are described separately with reference to FIG. 4. 

Noise power estimation for the present invention is described first. The 
despread signal is multiplied by a "noise" Walsh code in order to remove all of the 
signal in order to leave only a symbol corresponding to the noise level of the received 
signal (step SI 02). For example, a "noise" Walsh code constructed in accordance 
with the principles of the present invention is a 32 bit code in which the first 16 most 
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significant bits are ones and the 16 least significant bits are zeros. This "noise" Walsh 
code is orthogonal to all Walsh codes, including pilot channel Walsh codes such as 
those pilot channel Walsh codes known in the art. The "noise" Walsh code 
constructed in accordance with the principles of the present invention cancels all of 
the signal transmitted on reverse link 18, thereby advantageously allowing a more 
accurate noise power estimation than was previously possible. 

The multiplied despread signal is accumulated over one received frame to 
arrive at the noise estimation for the channel being used by the device (step SI 04). 
Noise power estimation is described in further detail below. 

Next, the overall pilot signal power estimation is explained with reference to 
FIG. 4. The despread signal corresponding to the power control portion (from step 
SI 00) is decoded to obtain the forward power control bit (PCB) embedded in the 
reverse link 18 signal and the forward power control bit portions multiplied with the 
decoded power control bits for each Rake finger (step SI 06). The base station 14 
then finds the position of the reverse power control bit which will be embedded in the 
forward link traffic channel and selects the despread received signal of each Rake 
finger for a duration of one power control group (step S108). 

The despread signal is accumulated over 16 chips to eliminate all data channel 
signals except the pilot signal (step S 1 10). The decimated pilot signal is multiplied 
with the complex conjugate of its delayed version (step SI 12) and the real 
components of the results are accumulated over one power control group (step SI 14). 
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This is done for each Rake finger. The output of all Rake fingers are then coherently 
combined to arrive at the signal power estimate for the received signal (step SI 16). 

FIG. 5 is a diagram showing an example of the time and relationship between 
the position of the reverse power control bit and the selected duration of the 
despreaded received signal for each Rake finger. FIG. 5 shows the position of the 
reverse power control (PC) bit for a power control group (PCG) "x". 

Referring again to FIG. 4, to determine the SNR (step SI 18), the resultant 
estimated pilot signal power is divided by the estimated noise power. Techniques for 
determining the signal to noise ratio of a received signal once the signal power and 
noise power levels have been determined are known. However, the present invention 
advantageously provides methods for determining the received signal power level and 
received noise power level of a signal which provides better results than heretofore 
known. 

The estimated SNR determined in step SI 18 is compared to a predetermined 
threshold set in accordance with the frame error rate measured at the output of 
receiver 28 (step S120). If the SNR is higher than the predetermined threshold, a 
power down bit is "punctured", i.e. inserted, into the forward power control bit 
location of the transmitted forward link 16 signal (step S122). If the SNR is not 
above the threshold, a power up bit is punctured into the transmitted forward link 16 
signal (step SI 24) indicating to device 12 that device 12 must increase its transmit 
power level. 
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The frame error rate refers to the rate at which received frames are found to 
have errors based on known error checking techniques. Typically, a wireless 
communication system is designed such that signals transmitted by wireless devices 
12 are received by base stations 14 at a power level required to obtain a particular 
frame error rate. Where higher quality reception is desired, the frame error rate 
threshold is decreased. As such, wireless devices 12 may be forced to transmit at a 
higher power level, thereby increasing the overall noise level within a cell which 
decreases the quantity of devices which can transmit within the cell. In other words, a 
lower frame error rate lowers the rate at which frame errors occur at the expense of 
decreasing cell and system capacity. 

As such, closed loop power control for the reverse link is accomplished by 
sending power control commands at the rate of each power control group, for 
example, 800 Hz, from base station 14 to wireless device 12. The power control bit is 
generated based on the quality of the reverse link as measured by the received SNR 
and the measured frame error rate. 

The noise estimation method of the present invention is described in detail with 
reference to the block diagram in FIG. 6. For each Rake receiver output finger 36 
(shown as Fingers 1-M in FIG. 6), the noise estimation method is performed and the 
results accumulated over one power control group to arrive at the noise power 
estimation. For each finger, the despread received signal is multiplied by the noise 
Walsh code and accumulated over 16 chips to remove the associated traffic data 
signals using data Walsh covers. The accumulated results are multiplied by the output 
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of numerically controlled oscillator 40 and accumulated over another 24 chips to 
eliminate the pilot channel signal, thereby leaving only the noise power. The results 
of the in phase and quadrature parts are squared and summed to give a total noise 
power per finger, accumulated over four quarters of one PCG and input to summer 

38. 

Detailed descriptions of pilot signal power estimation methods constructed in 
accordance with the principles of the present invention are explained with reference to 
the block diagrams shown in FIGS. 7-9 in which FIG. 7 is a block diagram of a signal 
estimation technique for a gated pilot signal, FIG. 8 is an estimation method for a 
non-gated pilot signal, and FIG. 9 is an alternate method for estimating the power of a 
non-gated pilot signal. Initially, it is noted, as described in FIGS. 7-9, the term "Z" 1 " 
refers to a one sample delay of the input signal and "E^n)" refers to the n th estimation 
of pilot signal strength. 

Further, although certain elements in FIGS. 7-9 share the same reference 
designators, for example, numerically controlled oscillator 40 and summer 38, it is 
understood that these elements can be implemented as separate elements and 
processes for noise power estimation and pilot signal power estimation. As with noise 
power estimation discussed above, each Rake output Finger 36 (shown as Fingers 1- 
M in FIGS. 7-9), corresponding to each multi-path component are processed for 
finger signal power estimation and averaged by summer 38. FIG. 7 is a block 
diagram showing signal power estimation for a gated mode pilot signal. As used 
herein, the term "gated" refers to a pilot signal which is not continuously transmitted. 
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For some power control groups, the pilot signals are gated on while others are gated 
off. 

Once the Rake output signal is despread using the pseudo noise codes, the 
despread signal is accumulated over 16 chips to remove the traffic data signals 
transmitted using data Walsh covers. The decimated pilot signal is then multiplied by 
the output of numerically controlled oscillator 40 to correct the phase rotation error 
introduced by the frequency shift. The decoded power control bits recovered from 
reverse link 1 8 are multiplied with the pilot symbols corresponding to the power 
control bit portions to ensure that power control bits having the same sign as the pilot 
signal are used. This arrangement advantageously allows the resultant portion of the 
pilot signal to be used for channel estimation. 

The resultant pilot symbol and the complex conjugate 42 of its delayed version 
are multiplied together and their real parts accumulated over one power control group, 
for example, 1 .25 ms in the CDMA2000 standard. The outputs of all fingers 36 are 
coherently combined and averaged over the total number of Rake fingers to obtain 
total pilot signal energy E b (n) for one power control group. 

The gated pilot signal power estimation method of the present invention 

advantageously removes effects of the rapid signal phase changes due to fading from 

being introduced into the power determination. 

A signal power estimation method for a non-gated mode pilot signal is 

described with reference to the block diagram shown in FIG. 8. Initially, it is noted 

that conventional techniques for estimating the pilot signal power for a non-gated 
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signal are the same as those employed for gated mode pilot signal power estimation. 
Gated mode signal power estimation requires knowledge of the signal timing due to 
the lack of knowledge of whether the other device is transmitting. This arrangement 
limits non-gated mode power estimation because signal timing knowledge is not 
required for non-gated mode power estimation. In contrast, the present invention 
provides a method for enhancing the reliability and accuracy of the power estimation 
for non-gated mode pilot signals which differs from the above-described method of 
the present invention for estimating gated mode pilot signal power. 

The pilot channel signal power is estimated per each of fingers 36 (Fingers 1- 
M) by averaging the channel gain estimate over one-half of a power control group. 
By estimating over one-half of a power control group and updating the estimation 
every one-half power control group, more frequent estimations can be performed. 
Further, more accurate estimations can be obtained by estimating more frequently 
over a smaller portion of the power control group, for example, one-quarter of the 
power control group. The tradeoff, of course, is further enhanced accuracy at the 
expense of processing power in base station 14 and implementation complexity with 
respect to processor design, and software coding. 

Once the Rake output signal is despread using the pseudo noise codes, a 
coherent accumulation over 16 values is formed. The resulting signal is multiplied by 
the output of numerically controlled oscillator 40 as described above and accumulated 
24 times. As a result, the coherent accumulation length is 384 chips. The squared 
amplitude from processing block 44 is taken over coherent accumulation times, 
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thereby providing the power level within one-half of a power control group for a 
particular finger. Summer 38 sums and averages the resultant signal powers for all 
fingers over one-half of a power control group to arrive at an intermediate signal 
power estimate 46, shown in FIG. 8 as E' b (n). Intermediate signal power estimate 46 
is added to the previous signal energy estimate E f b (n-1) via adder 48 to arrive at the 
pilot signal power estimate E b (n). 

FIG. 9 is a block diagram of an alternate arrangement for estimating the power 
of a non-gated pilot signal. The method shown in FIG. 9 is the same as the method 
for estimating the power of a gated mode pilot signal, described above with respect to 
FIG. 7, except that the non-gated signal in FIG. 9 is summed over one-half of a power 
control group to arrive at E' b (n) and added to the previous signal energy information 
via adder 48. In other words, the alternate arrangement shown in FIG. 9 employs the 
method described with respect to FIG. 7 (gated mode pilot signal) taken over one-half 
power control group as shown and described with respect to the non-gated mode 
power estimation method of FIG. 8. The signal power estimation method of the 
present invention advantageously prevents the effects of the rapid signal phase 
changes due to fading from being introduced into the power determination. 

The pilot signal power estimation techniques described above advantageously 
facilitate a faster and more accurate power estimation method than those previously 
known. As such, the estimation methods of the present invention advantageously 
facilitate high speed wireless communication, for example, wireless communication 
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rates of approximately 100 Kbits/second and faster, by allowing highly accurate, 
lower delay power control for device transmitter 22. 

As described above with respect to steps S120-S124 in FIG. 4, the resultant 
SNR is compared with a predetermined SNR for a desired frame error rate and an 
appropriate power up or power down bit is punctured into the power control bit for 
power control group data transmitted on forward link 16. Although techniques for 
generally puncturing power control bits into a transmitted power control group signal 
are known and can be employed in conjunction with the noise power estimation and 
pilot signal power estimation methods described above with respect to the present 
invention, the present invention advantageously includes an alternative aspect by 
which power control estimation can be conducted in a manner which allows greater 
precision such that wireless high speed data transmission can be supported. In other 
words, in addition to the above-described methods for power control bit estimation, 
the present invention advantageously provides a method for reducing power control 
delay by implementing the most recent power control bit estimate. 

Power control bit implementation in accordance with the present invention is 
described as follows for systems such as a CDMA2000 system and the like. As soon 
as the estimated reverse power control bit is obtained, it will be punctured into the 
signal for the forward link 16 for most the recent power control group stored in a 
transmitter buffer in the base station. For example, in one embodiment, the 
transmitter buffer may store the signal, including power control group data, for up to 
three power control groups, which will be updated per power control group. Each 
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time a power control bit estimate is obtained, the estimate is punctured into these three 
power control groups. The position of power control bit for each power control group 
is determined by the device's long code. Recall that, as shown in FIGS. 8 and 9, 
power control bit determination is preferably determined twice per power control 
group. As a result, the power control delay is greatly reduced. 

Power control bit implementation in accordance with the present invention for 
systems such as IS-95 and the like are described with reference to the block diagram 
shown in FIG. 10. As noted above, the conventional method for estimating the signal 
energy uses one power control group signal. However, if the device is too far from 
the cell site, the device may not be able to send the power control bit on the forward 
link channel on time. 

Referring to FIG. 10, the present invention determines the power control bit 
two times per power control group. First, the first four Walsh symbols in each power 
control group are used to estimate the signal energy and determine the power control 
bit, shown in FIG. 10 as power control bit "a". Power control bit "a" is punctured 
into the n+2 power control group of the forward link 16, Next, all six Walsh symbols 
are used in each power control group to estimate the signal energy and determine the 
power control bit, shown as power control bit "b" in FIG. 1 0. If the position of the 
power control bit in the n+2 power control group of the forward link 16 is after the 
sixth Walsh symbol of the current reverse link power control group, then bit "a" is 
replaced with bit "b". This arrangement advantageously allows greater power control 
accuracy then the previous known methods if the mobile is far from the celt site. 
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The present invention therefore advantageously provides a method and system 
for closed loop power control in a wireless system. The present invention employs an 
aspect which allows the noise level of a received signal to be quickly and accurately 
estimated and provides a method by which the signal power level can be quickly and 
accurately measured while still complying with known wireless communication 
standards such as IS-95 and CDMA2000. Further, the present invention implements 
these power estimation methods in a manner which advantageously allows a reduction 
in power control delay by selecting a signal interval for estimation as close as possible 
to the position of the reverse power control bit imbedded in forward link 16. 

It will be appreciated by persons skilled in the art that the present invention is 
not limited to what has been particularly shown and described herein above. In 
addition, unless mention was made above to the contrary, it should be noted that all of 
the accompanying drawings are not to scale. A variety of modifications and 
variations are possible in light of the above teachings without departing from the 
scope and spirit of the invention, which is limited only by the following claims. 
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